INTRODUCTION {#sec1-1}
============

Tissue processing is an important histotechnique after biopsy procedure. It involves passing of the biopsy tissue in graded concentration of various chemicals in order to make the tissue amiable for sectioning. This includes dehydration, clearing and infiltration. Dehydrating solutions are usually alcohol-based solutions required to remove water and fixative such as formalin from the tissue specimen and replacing it with alcohol. The tissue is then placed in xylene, a clearing agent which makes the tissue receptive to wax impregnation by the removal of alcohol. This is followed by infiltration -- to permeate the tissue with a support medium and embedding -- to orient the tissue specimen in a support medium and allowing it to solidify. This entire process takes 2--3 working days before a microscopic slide is ready for diagnosis.\[[@ref1]\]

The most commonly used means of tissue processing are routine manual method, rapid manual method and the microwave method. Routine manual method is a time-tested method used routinely in histopathology laboratories. Reliability and inexpensive nature are the positive factors for this method. The disadvantages of this method are turnaround time of 21--24 h and exposure to noxious chemicals such as xylene and formalin.\[[@ref2][@ref3]\]

Rapid manual tissue processing method and recent microwave methods have shortened the processing times but do not reduce high cost and exposure to noxious chemicals.\[[@ref4]\]

In this study, we have used methyl salicylate in place of routinely used xylene for clearing step. Methyl salicylate (oil of wintergreen) is an organic ester and can be obtained either naturally (wintergreen plants -- *Gaultheria procumbens* and *Betula lenta*) or commercially by esterifying salicylic acid with methanol.\[[@ref5]\] It is an excellent clearing agent, used to study internal parts of embryo, insects and plants.\[[@ref6]\] The nontoxic nature compared to xylene and rapid clearing property of methyl salicylate encouraged us to include it in our study.

The aim of this study is to shorten the turnaround time and use of alternate nontoxic chemical in tissue processing which is also cost-effective. This study was done to develop a rapid tissue processing method using methyl salicylate as clearing agent.

Aim {#sec2-1}
---

The aim of this study is to develop a rapid tissue processing technique using methyl salicylate as a clearing agent and to compare it with routine tissue processing technique with respect to quality of staining, shrinkage and cost.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 70 tissue specimens were considered for this study, out of which only 3 were hard tissue (2 -- bone and 1 -- tooth tissue) specimens. Each of the specimens was halved. One half of the tissue bit was processed by routine processing technique (RoPT) and the other half with rapid processing technique (RaPT).

Timings and chemicals used for both techniques are given in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Steps involved in rapid tissue processing

![](JOMFP-22-443b-g001)

###### 

Steps involved in routine tissue processing with xylene

![](JOMFP-22-443b-g002)

Tissue bit dimensions were measured before and after processing by both techniques to check for shrinkage \[[Table 3](#T3){ref-type="table"} and Figures [1a](#F1){ref-type="fig"}, [b](#F1){ref-type="fig"} and [2a](#F2){ref-type="fig"}, [b](#F2){ref-type="fig"}\].

###### 

Comparison of shrinkage of tissue at gross specimen level

![](JOMFP-22-443b-g003)

![(a) The measurement of the tissue after processing with rapid processing technique. (b) The measurement of tissue before subjecting to rapid processing technique](JOMFP-22-443b-g004){#F1}

![(a) The measurement of tissue before subjecting to routine processing technique. (b) The measurement of tissue after processing with routine processing technique](JOMFP-22-443b-g005){#F2}

All the sections were stained with hematoxylin and eosin stain to observe the histological details. Quality of staining of tissues was graded on a scale of 1--3 with scale 1 as excellent, 2 as good and 3 as satisfactory \[Figure [3a](#F3){ref-type="fig"} and [b](#F3){ref-type="fig"}\]. This scoring system is a modified version from Panja *et al*.\[[@ref2]\] Score 1 (excellent) was considered brilliant when both cellular and tissue structures were easily discernible with good staining contrast. Score 2 (good) indicated good staining and contrast and diagnosable tissue. Score 3 (satisfactory) is designated when tissue was not stained adequately or evenly and lacked details.

![(a) Staining quality of tissue processed with routine processing technique. (b) Staining quality of tissue processed with rapid processing technique](JOMFP-22-443b-g006){#F3}

Nucleus and cytoplasm of cells of epithelium and connective tissue were observed for quality of staining and scored separately for specimens processed by both the techniques \[Tables [4](#T4){ref-type="table"}--[8](#T8){ref-type="table"}\].

###### 

General quality of tissue with respect to artifacts, folds, and staining
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###### 

Staining quality of nucleus of epithelial tissue

![](JOMFP-22-443b-g008)

###### 

Staining quality of cytoplasm of epithelial tissue

![](JOMFP-22-443b-g009)

###### 

Staining quality of nucleus of fibrous tissue (includes blood vessels, glandular tissue, inflammatory cells, osteoid components, muscles, and nerves)

![](JOMFP-22-443b-g010)

###### 

Staining quality of cytoplasm of fibrous tissue (includes blood vessels, glandular tissue, inflammatory cells, osteoid components, muscles, and nerves)

![](JOMFP-22-443b-g011)

The sections were subjected to morphometric analysis to observe the difference in shrinkage at microscopic level. Five most representative fields were chosen on each specimen from each group and images were captured. Three-chip CCD camera attached to a trinocular research microscope was used for imaging with a ×40 objective and with a total magnification of ×400. The selected fields included representative cells with distinct cellular and nuclear outlines. A total of fifty cells (ten cells in each of five different high-power fields) were randomly selected and measured for mean cell area, mean nuclear area and nuclear-cytoplasmic ratio \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\]. Measurements were made using a sophisticated, computer-assisted morphometry software. Measurements were transferred and stored in computer. The software automatically calculated cell and nuclear areas in square microns when the perimeter was traced. "Set scale" was done in software that converted default pixel measurements to micrometers \[[Table 9](#T9){ref-type="table"}\].

![The marking and measuring using the software](JOMFP-22-443b-g012){#F4}

![The cellular and nuclear measurement markings](JOMFP-22-443b-g013){#F5}

###### 

Comparison of shrinkage of tissue at cellular level

![](JOMFP-22-443b-g014)

The scoring and assessment were carried out by four qualified observers to eliminate inter- and intra-observer bias, as most of the evaluative criteria were subjective.

The obtained data were tabulated and subjected to statistical analysis using Welch\'s unequal variances *t*-test, and the means were calculated using R 3.3.3 statistical package.

Costs (in Indian Rupees) of chemicals in both the techniques were compared to see which technique is cost-effective \[[Graph 1](#F6){ref-type="fig"}\].

![Cost (in Indian rupees) comparison between rapid and routine tissue processing (for 60 samples)](JOMFP-22-443b-g015){#F6}

Steps in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} were followed by block preparation, sectioning, staining, mounting and reporting of the slide.

RESULTS {#sec1-3}
=======

The slides were ready for staining in 6 h in rapid processing method as compared with 2 days in routine processing \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. The study compared rapid and routine processing with respect to

Quality of staining \[[Table 4](#T4){ref-type="table"}\]Clarity of nucleo-cytoplasmic differentiation of epithelial tissue \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\]Clarity of nucleo-cytoplasmic differentiation of fibrous tissue \[Tables [7](#T7){ref-type="table"} and [8](#T8){ref-type="table"}\]The *P* values were statistically not significant for all the parametersThe comparison of tissue shrinkage at gross level showed statistically significant difference between the two processing techniques \[[Table 3](#T3){ref-type="table"}\]; however, cellular-level shrinkage showed no significant difference \[[Table 9](#T9){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

Routine (conventional) processing requires 2--3 working days before a diagnosis is delivered to the patient. The rapid processing schedules that are available currently require a minimum of 16--48 h for completion.\[[@ref7][@ref8][@ref9][@ref10]\]

Automation in tissue processing may hasten the process by continuing beyond the working hours of the laboratory, but it needs continuous power supply which cannot be ensured all the time. Automation is also an expensive affair.\[[@ref11]\]

Diagnostic pathology is largely dependent on formalin-fixed paraffin-embedded tissue sections. This study presents a rapid processing technique (RaPT) \[[Table 1](#T1){ref-type="table"}\] and is compared with the routine processing technique (RoPT). The properties of tissues processed by rapid technique were comparable with routinely processed tissues, with reference to ease of sectioning, yield of good ribbons, good staining, permanency of stain (6--12 months observation) and satisfactory staining quality. These properties were observed in both soft tissues and hard tissues processed by these techniques. Furthermore, decalcified tissues were subjected to both the techniques to observe and compare. However, no statistical comparison was made for hard tissues as the sample size for hard tissues was less.

Rapidity of this technique is enhanced by the clearing agent methyl salicylate after dehydration step with alcohol. The property of making the root tissue transparent in a short time to study root canal morphology has been exploited in this study on tissue samples.\[[@ref12][@ref13]\]

Advantage of methyl salicylate over xylene is its low toxicity. However, their strong penetrating odors necessitate good laboratory ventilation. It causes minimal tissue shrinkage and hardening and tissues can remain in it indefinitely without damage.\[[@ref14][@ref15][@ref16]\]

We compared the tissues and sections from RaPT with RoPT for general quality with respect to artifacts, folds and staining, and we arrived at a *P* = 0.24 which is statistically not significant \[[Table 5](#T5){ref-type="table"}\].

*P* value obtained for comparison of nuclear and cytoplasmic staining in epithelial and connective tissue was 0.30, 0.18, 0.34 and 0.26, respectively \[Tables [5](#T5){ref-type="table"}--[8](#T8){ref-type="table"}\]. The result was considered statistically not significant for the same which indicates that the outcomes of both the processing techniques are comparable. Hence, the results of RaPT technique are satisfactory. To examine the stability of staining, the slides were observed periodically for a year and it was noticed that staining and its contrast were good and were comparable to RoPT \[Figure [6a](#F7){ref-type="fig"} and [b](#F7){ref-type="fig"}\].

![(a) Photomicrograph of stained specimen with rapid processing (immediately staining). (b) Photomicrograph of specimen in (a) after period of 1 year to show stability of staining](JOMFP-22-443b-g016){#F7}

Processed tissue from RaPT showed relatively more shrinkage (34.67%) when compared to RoPT tissue (23.13%) with a statistically significant *P* = 0.0000012 \[[Table 3](#T3){ref-type="table"}\]. However, when cellular and nuclear areas were measured and compared for assessing shrinkage, there was not much difference between RaPT and RoPT with *P* = 0.6289 and 0.9849, respectively, which is statistically not significant \[[Table 9](#T9){ref-type="table"}\].

Authors of this study have also observed that RaPT was cost-effective with its minimal reagent requirement compared to RoPT with elaborate reagent setup \[Graph 1\].

There are no studies using methyl salicylate as clearing agent with which we can compare our observations. Our literature search did not reveal any other study using methyl salicylate for rapid processing. A study by Jali *et al*. claims a processing time of 8--9 h, but the study required a preliminary 24 h of fixation step in neutral buffered formalin.\[[@ref11]\] Our method completed the processing in 5--6 h depending on the size of the tissue, which includes fixation step as well and has yielded satisfactory results.

Limitations of our study {#sec2-2}
------------------------

Tissue specimens with adipose component need longer time for processing. Standardization of timings in each solution is still in the process. Very few hard tissue samples were included in the study. Specimen thickness as mentioned in [Table 1](#T1){ref-type="table"} is crucial as thicker specimens cannot be adequately processed within the time span mentioned.

Future objectives {#sec2-3}
-----------------

The study will be further tested to check for the immunological viability of the RaPT tissue by performing immune-histochemical techniques and to apply the technique on variety of tissues to test the consistency of the procedure.

CONCLUSION {#sec1-5}
==========

It should be possible to give a report on the same day of the arrival of the tissue specimen to the lab. The rapid processing technique proposed in this study helps in achieving just that with results comparable to routine processing technique at an affordable cost. Our study can prove to be beneficial to pathology laboratories by reducing the waiting period for the delivery of the report and definitely benefits the patients with early diagnosis and early treatment.
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